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Abstract

This study aimed to evaluate the rearing performance of Mastacembelus favus fry under
three different stocking densities: 50, 75, and 100 individuals per cubic meter (ind. m=3).
The experiment was conducted over a period of 180 days, from September 2022 to March
2023, using 0.5 m® composite tanks in a completely randomised design with three replicates
per treatment. The yolk sac-exhausted fry (1.08 g and 6.54 cm) were reared under the
trial stocking densities and fed commercial pellet feed throughout the rearing period. A
stocking density of 100 ind m™ had a significantly adverse effect on most of the measured
performance parameters, including mean weight, mean length, daily weight gain, daily length
gain, survival rate, feed conversion ratio, and productivity (p<0.05). While most performance
indicators did not differ significantly between the 50 and 75 ind m™ treatments (p>0.05),
productivity at 75 ind m™3 was significantly higher than at 50 ind m=2 (p<0.05). These findings
suggest that a stocking density of 75 ind m=2 was optimal for rearing M. favus fry under the
study conditions.

Introduction

Aquaculture plays a vital role in supporting
rural  livelihoods and ensuring global
food and nutrition security (Ogello and
Munguti, 2016). It is also the world's
fastest-growing food production sector,
expanding at an average rate of 6% per
year over the past decade (FAQ, 2018).
However, the quick growth of the sector
has led to environmental issues, especially
with cage culture and pond-intensive
systems in natural water bodies, where it
is still difficult to strike a balance between
sustainability and productivity (Waite et al.,
2014; Munguti et al., 2021). Climate change
is also putting extra strain on the industry,
resulting in more frequent extreme weather
events, restricted land and feed resources,
and water scarcity (IPCC, 2007; Adhikari et al.,
2018). Tank-based aquaculture is widely
recognised as a sustainable approach,
enabling year-round, intensive production
under controlled conditions that enhance
resource efficiency and waste management

(Chavez-Crooker and Obreque-Contreras,
2010; Ansari et al., 2017; Estim et al., 2019).
Additionally, tanks lower the dangers of
genetic and water contamination (McLean,

2021).

Mastacembelus favus Hora, 1924, commonly
known as the tire track eel, is a freshwater
species native to South-east Asia and often
naturally encountered in the tropical rivers
(Froese and Pauly, 2013; Jamsari et al.,
2014). It is farmed across counties in these
areas, typically in Thailand, Laos, Cambodia,
Peninsular Malaysia, and Vietnam (Roberts,
1986; Jamaluddinetal., 2019). M. favus eels
are highly regarded in aquaculture due to
their desirable taste, high nutritional quality,
and significant market potential (Gupta and
Banerjee, 2016; Jamaluddin et al., 2019).
Additionally, they are generally resistant to
diseases and compatible with simple, low-
input farming systems (Jamaluddin et al,
2019; Nguyen et al,, 2024b). In developing
countries, M. favus is widely consumed
either fresh or dried and is occasionally sold
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in the aquarium trade (Islam and Rani, 2017). In Vietnam's Mekong
Delta, tire track eels are particularly noteworthy due to their high
market price. They are cultured in earthen ponds and sometimes
in ponds lined with plastic. It is mainly fed on formulated diets,
trash fish, or homemade feeds (Danh, 2018; Nguyen et al., 2024a,
b; Loan and Phuong, 2025). M. favus eels exhibit a relatively slow
growth rate. In their natural habitat, one-year-old individuals weigh
150-250 g and measure 18-25 cm in length, while two-year-
old individuals generally weigh 450-500 g and reach 35-40 cm
(Rainboth, 1996; Trieu, 2010). This species can attain a maximum
weight of 500 g and a maximum length of 90 cm (Pethiyagoda,
19917). A survey by Nguyen et al. (2024b) on small-scale M. favus
culture in the Vietnamese Mekong Delta reported that the fry-to-
fingerling phase requires approximately 2.5 months to reach an
average size of 3 g, with a survival rate of 55.7%. Meanwhile, the
fingerling-to-commercial harvest phase lasts 11.8-14 months,
producing harvest sizes of 318.2-421.4 g and survival rates of
40-80%.

In aquaculture, optimal stocking densities enhance yield, financial
returns, and environmental sustainability. Fish performance may
be adversely affected by excessively high (Salas-Leiton et al., 2010;
Yadata et al., 2020; Chen et al., 2021) or low (Shubha and Reddi,
2011; Aragon-Flores et al., 2014) stocking densities. Non-optimal
densities may induce physiological and behavioural stress, affecting
growth, reproduction, welfare, and survival (Mollah et al., 2015;
Santurtun et al., 2018). Furthermore, overcrowding not only leads
to chronic stress and changes in body composition (Hoseini et al.,
2020) but also raises production costs and negatively impacts the
environment (Mollah et al., 2015). As a result, choosing the right
stocking density is crucial to maximising performance in various
aquaculture systems (Rahman et al., 2012; Yadata et al., 2020).

This study evaluated the rearing performance of M. favus fry in
composite tanks under different stocking densities to identify the
optimal density that supports a productive culture system while
minimising potential environmental impacts.

Materials and methods

Yolk sac-exhausted tire track eel (M. favus) fry, with an initial mean
size of 1.08 g and 6.54 cm, were obtained from a locally produced
hatchery stock. The fry were acclimated to the experimental
conditions for one week prior to the start of the trial. Freshwater
sourced from the river was used in the experiment. It was treated
with 2 mg I potassium permanganate (KMnQ,) and continuously
aerated for 2 to 3 days. The treated water was then pumped to the
rearing tanks across layers of cotton to remove suspended matter.
Composite tanks with a capacity of 0.5 m® were used for rearing the
fish. The rearing tanks maintained the water depth at 0.6 m and and
were continuously aerated throughout the experiment. A Gold King
Aqua commercial pellet feed from Goldking Company Ltd., Vietnam,
which contained 46% crude protein, 12% crude fat, 5% crude fiber, and
11% moisture, was fed to the fish during the rearing period.

Experimental parameters and data collection

The study lasted for 180 days, from September 2022 to March
2023, in the wet laboratory of the Department of Freshwater
Aquaculture, College of Aquaculture and Fisheries, Tra Vinh

University, Vietnam. It aimed to evaluate the effects of different stocking
densities (50, 75, and 100 ind m™3) on the rearing performance of tire track
eel (M. favus) fry in 0.5 m? round composite tanks. The experiment was
conducted in nine rearing tanks, following a completely randomised
design with three replications for each tested density. Fish were fed
twice daily, at 6:00 and 14:00 hrs, at a rate of 4% of their wet body
weight. To maintain water quality, accumulated waste and faeces
were siphoned from the tank bottoms daily, and any water removed
during this process was promptly replaced. The water in the rearing
tanks was circulated through a biological filtration system at a rate
equivalent to 100-120% per day. No water changes were made in
the rearing tanks during the first week of the experiment. From the
second week onward, 10-20% of the water was replaced every 3 to
5 days, depending on the water quality in the tanks.

Water quality parameters in the rearing tanks were monitored throughout
the experiment. Temperature (°C) and pH were measured twice daily at
7:00 and 14:00 hrs using a pH meter (Hana, manufactured in Romania).
Total ammonia nitrogen (TAN, mg I7") and nitrite (NO,~, mg I™") were
tested every three days at 7:00 hrs using a test kit (Sera, Germany).

The growth performance was monitored monthly, with 30 fish from
each tank sampled randomly. Individual weight was measured
using a digital scale with 0.01 g precision, while total length was
recorded to the nearest millimeter using a graduated ruler. At
the end of the experiment, survival rate, feed conversion ratio,
productivity, coefficient of variation, and weight-grouped proportion
were recorded and calculated. The equations used are as follows:

Daily weight gain (DWG, g day’ _ (Final weight — Initial weight)
ally weight gain ( g day’) No. of rearing days

A . + - (Final length - Initial length)
Daily length gain (DLG, cm day) No. of rearing days

Specific growth rate in weight (SGRw, % day) =
[In(final weight) - In(initial weight)]

No. of rearing days x 100
Specific growth rate in length (SGR_L, %day) =
[In(final length) - In(initial length)] <100

No. of rearing days

Survival rate (SR, %) = Number of fish survived | 100
No. of fish stocked

Total dry feed given (g)

Feed i tio (FCR)=
eed conversion ratio (FCR) Total wet weight gain of fish (g)

Biomass

Productivity: Productivity (g m?) = —=—°=°
Y ygm?) Rearing volume

Coefficient of variation in weight (CVw, %) =
Standard deviation
Mean body weight) * 100
Weight Grouped Proportion (GPw, %) =
Number of fish in weight group
Total no. of fish)

x 100
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Data analysis

SPSS software, version 20.0 for Windows, was used to statistically
evaluate all the variables that were measured in this study. At a
significance threshold of p<0.05, a one-way analysis of variance
(ANOVA) and Duncan's multiple range test were used to identify
significant differences between mean values. Prior to analysis,
percentage data were arcsine-transformed, and the homogeneity of
variances was evaluated using Levene's test.

Results and discussion

Water quality parameters

Throughout the experimental period, water quality parameters
showed minimal variation. Temperature ranged from 26.46 to
27.72°C, pH from 8.01108.02, TAN from 0.02 and 0.03 mg =", and the
NO,~ from 0.01 and 0.03 mg ™" (Table 1). Water quality parameters
recorded across all stocking densities fall within the optimal ranges
for the healthy development of tire track eels (Boyd and Tucker, 1998;
Jayakumar and Abdul Nazar, 2013; Banmali et a/., 2020).

Rearing performance

Increasing stocking density is a common technical strategy to
enhance fish productivity and optimise the use of land and water
resources. However, excessively high stocking densities can have
detrimental effects on aquaculture performance, including reduced
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growth and survival rates, increased susceptibility to disease,
and deterioration of water quality (Jia et al., 2022). The effects of
stocking density differ across cultured species and are influenced
by factors such as developmental stage and environmental or
managerial conditions (Chen et al, 2021; Karnatak et al, 2021).
Therefore, additional research is required to determine the ideal
stocking densities in aguaculture systems (Nhan et al, 2022). In
this study, stocking densities of 50 to 100 ind m~2 were evaluated
to determine their influence on the rearing performance of M. favus
fry in the tank system.

According to monthly monitoring data, fish raised at a density of 100
ind m™® had the lowest mean weight (MW) and mean length (ML)
values from day 30 onward. These values were significantly lower
than those of fish raised at 50 and 75 ind m™2 (p<0.05), but there were
no significant differences between the 50 and 75 ind m= densities
(p>0.05). Furthermore, at a stocking density of 100 ind m™3, the
DWG and DLG parameters showed their lowest values, which were
significantly lower than those at 50 ind m~ at the end of the rearing
period (p<0.05) (Table 2 and 3).

By the end of the trial, CVw and GPw were not significantly affected
by stocking density (Table 4, Fig. 1), but other parameters,
including SR, FCR, and productivity, were significantly lower at
100 ind m~2 compared to 50 and 75 ind m~2 (p<0.05). The highest
productivity was recorded at 75 ind m~2, significantly higher than
at both 50 and 100 ind m=2 (p<0.05). There were no significant
variations in SR or FCR between the 50 and 75 ind m™ densities
(p>0.05) (Table 4) .

Densities (ind m™)

E<6g

O 685

W >85g

Fig. 1. Weight-grouped proportion of M. favus fry after the 180 days rearing period under three stocking densities. Values are presented as meantSD. The same
colour segments on different bars with same letters (a) show no significant difference (p>0.05)
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Table 1. Water quality parameters during the 180-day rearing period under three stocking densities. Values are presented as Mean+SD.

Densities (ind m™)

Parameters Test time
100 75 50
Temperature (°C) 7:00 26.60+0.72 26.46 + 0.80 26.48+0.78
14:00 27.72+0.72 27.63+0.76 27.63+0.80
pH 7:00 8.01+0.23 8.02+0.19 8.0140.20
TAN (mg I 0.02+0.01 0.0240.01 0.0340.01
NO_(mg 1) 0.010.00 0.02 +0.0.00 0.03+0.0.01

Table 2. Mean weight (MW), weight gain (WG), daily weight gain (DWG), and specific growth rate in weight (SGRw) of M. favus fry during the 180 day rearing
period under three stocking densities. Values are presented as Mean+SD. Values with different letters (a, b) in the same are significantly different (p<0.05).

Densities (ind m™) Day 50 75 100

MW (g ind™) 30 2.3241.03° 2.3241.02° 1.7440.69°
60 5.23+2.06° 5.2242.12° 4.0242.16°
90 6.341+2.23° 7.1243.36° 5.2842.53¢
120 8.0043.74° 8.4+4.49° 5.68+3.292
150 8.2644.33° 8.19+3.39° 6.44+2 35
180 0.7546.28° 8.80+4.67° 7.8543.28°

WG (gind™) 180 8.6713.342 7.81£3.96° 6.77+4.492

DWG (g day™) 180 0.05£0.03 0.04+0.03% 0.03£0.0197

SGRw (% day™) 180 1.1840.33° 1.15£0.35° 1.1340.03°

Table 3. Mean length (ML), length gain (LG), daily length gain (DLG), and specific growth rate in length (SGRL) of M. favus fry during the 180-day rearing period
under three stocking densities. Values are presented as Mean+SD. Values with different letters (a, b,) in the same row are significantly different (p<0.05).

Densities (ind m™) Days 50 75 100

ML (cm ind™) 30 8.4311.25° 8.3611.32° 7.56+1.08°
60 11.37+1.65° 10.9141.76° 9.9042.142
90 12.741.84° 12.55+2.56° 11.6612.13°
120 13.9+2.33° 13.4443.02° 12.042.422
150 13.41+2.89° 13.76+2.58° 10.80+2.17¢
180 15.09+2.88° 15.0242.84° 13.93£2.18¢

LG (cmind™) 180 8.2412.85° 8.2142.742 7.5212.47°

DLG (cm day™) 180 0.2840.09° 0.28+0.09% 0.25+0.08¢

SGR (% day”) 180 0.4540.1° 0.44+0.122 0.4340.122

Table 4. Survival rate (SR), feed conversion ratio (FCR), productivity, and coefficient of variation in weight of M. favus fry after the 180 - days rearing period
under three stocking densities. Values are presented as Mean+SD. Values with different letters (a, b) in the same row are significantly different (p<0.05).

Densities (ind m=) 50 75 100

SR (%) 67.33+4.18" 69.33+7.23" 44.67+1.52?
FCR 2.3340.338 2.00£0.002 3.670.58°
Productivity (g m?) 762.75+40.59° 930.49+97.92° 701.27+23.98°
CVw (%) 27411¢ 31418 20472

The highest density (100 ind m~3) resulted in a significant reduction
in nearly all growth parameters from day 30 onward and negatively
affected SR, FCR, and overall productivity by the end of the trial.
Conversely, the lowest density (50 ind m™2) led to a marked decline
in productivity after 180 days of rearing. Many fish species have

evidenced a decrease in growth performance when they were
farmed and surpassed species-specific density thresholds. For
example, after 360 days, Piaractus mesopotamicus raised at a
density of 650 g m~2 showed higher biomass and weight gain than
fish kept at higher densities (Montenegro et al., 2022). In hybrid
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snakeheads (Channa sp.), excessive stocking densities have been
shown to impede growth and decrease yield via reducing SGR (Wu
et al,, 2017). Additionally, when housed at higher densities in PVC
tanks, juvenile Scophthalmus maximus displayed slower growth and
greater body weight variance (Irwin et al., 1999).

There are numerous reasons why fish at high stocking densities have
limited growth. Excessive stocking density has been shown in earlier
research to be one of the causes of chronic stress, which can result
in negative physiological and biochemical changes. It damages cells,
inhibits the immune system, creates oxidative stress, and upsets
intracellular homeostasis, as was observed in Penaeus (Litopenaeus)
vannamei (Liu et al., 2017), fingerlings of Oreochromis niloticus (Liu et
al., 2018), and fry of Ompok bimaculatus (Majhi et al., 2023) in biofloc
systems; juvenile Acipenser sinensis in recirculating systems (Long
et al., 2019); and Aulonocara sp. in plastic tanks (Mahalakshmi et
al., 2024). Additionally, crowding stress raises the energy demands
needed to cope with physiological responses, thereby reducing the
energy available for growth (Yang et al., 2020; Jia et al., 2022). It also
intensifies competition for feed and space (Jia et al.,, 2022), while
increased territorial behaviour at high stocking densities can lead to
injury and even mortality (Hecht and Pienaar, 1993).

The adverse effects of crowding were probably the reason for the
notable decrease in survival rate of M. favus fry at the highest
stocking density (100 ind m). This trend was also observed by
previous authors in other fish (Chiu et al, 2020; Ni et al., 2020).
Even in more spacious farming systems like integrated rice-fish
farming, elevated stocking densities have been shown to decrease
the survival of M. salmoides (Jia et al., 2022).

FCR is an important indicator used to measure how much feed is
needed to produce a specific quantity of fish. A lower FCR reflects
better feed efficiency (Fry et al., 2018; Rodde, 2020). In our study,
FCR increased significantly at 100 ind m™3, indicating reduced
feed utilisation efficiency under this condition. This finding aligns
with previous studies reporting increased FCR at higher stocking
densities (Saputra et al., 2018; Hieu et al., 2022; Jewel et al., 2023). It
is known that crowding stress leads to additional energy expenditure
for maintaining homeostasis (Leland et al., 2013; Pederzoli and
Mola, 2016). Under stress, fish exhibited higher metabolic rates to
support respiration, osmoregulation, movement, and tissue repair,
so less energy is spent on building the body, resulting in reduced
feed conversion efficiency (Arifin et al., 2014).

Growth performance, survival rate, and FCR are critical parameters
influencing the commercial success of aquaculture, as they are
directly related to overall production (Caballero-Zamora et al., 2015;
Thitamadee et al., 2016; Gjedrem and Rye, 2018). In the present
study, all of these parameters declined significantly at a stocking
density of 100 ind m~2, which negatively influenced productivity.
While key rearing performance indicators, including growth
performance, SR, FCR, CVW, and GPW, did not differ significantly
between the 50 and 75 ind m™2 stocking densities, a significantly
lower productivity was observed at 50 ind m=3. This reduction is
likely attributable to the smaller initial stocking quantity, which
limited the total biomass yield of the fish. It indicates a suboptimal
utilisation of tank capacity at the low stocking density.

In the present study, the FCR of 2 recorded at a stocking density
of 75 ind m™ for M. favus fry falls within the range of 1.91-4.07

Growth performance of tire track eel fry

reported by Loan and Phuong (2025) for M. favus fingerlings reared
on different diets, as well as the range of 2-5 noted by Nguyen et al.
(2024b). Remarkably, the survival rate of 69.33% during the present
study, was greater than the value of 55.7% reported by Nguyen et al.
(2024b) (for M. favus fry raised in soil or soil-lined ponds. Additionally,
the SGR of 1.15% day~" recorded in the present study was higher than
the range (0.86-1.06% day™") recorded for M. favus fry raised with
similar tank conditions by Banmali et al. (2020), but at higher stocking
densities (100-400 ind m™2) over a 60-day period.

On the other hand, social hierarchies are a major factor contributing
to variations in growth rate and body size within fish populations
(Metcalfe et al., 1989; Johnsson, 1997; Metcalfe, 2006). Dominant,
larger individuals often limit the feeding opportunities and growth
of subordinate, smaller fish (Cutts et al., 2005; Martins, 2005).
Social hierarchies are often given special attention in aquaculture
because they closely relate to the profitability of production via
influence on aggressive behaviour, stress levels, overall health, feed
efficiency, growth, mortality, productivity and even the market value
of farmed fish. Parameters such as grouped proportion (GP) and
coefficient of variation (CV) are commonly used to assess social
hierarchies in fish populations (Martins, 2005). In the present study,
no significant differences in GP,, and CV,, were observed among the
different stocking densities. Notably, a CV,, of 31% was recorded
at a stocking density of 75 ind m™2, which falls within the typical
range of 20-35% reported for various fish species (Gjedrem, 1997).
These results indicated that increasing the stocking density to
75 ind m2did not considerably affect the social hierarchy of the
experimental fish stock.

In conclusion, high stocking density (100 ind m™3) negatively
impacted growth performance, survival, FCR, and productivity.
Conversely, low stocking density (50 ind m™2) led to a significant
reduction in the productivity of experimental fish. The findings
suggest that a stocking density of 75 ind m=2 is optimal for rearing
M. favus fry in our study conditions. Further research in hydroponics
or biofloc tank systems is recommended to enhance the rearing
performance of this fish.
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